Abstract. The inherent vibration characteristics of the structure of a machine is modal and each modal only corresponds to one natural frequency, all kinds of rotor in various engineering need to avoid resonance through its natural frequency. The finite element method is a numerical approximation algorithm, which is used to modal analysis of rotor and divides the complex large continuum into many simpler small units instead of traditional transfer matrix method. The 3D model was built by Solid works and imported into Ansys workbench for the modal analysis and harmonic response analysis of the rotor system with and without base of the pedestal, to determine the natural frequency and principal modal of the system, the theory result was compared with the two cases, It can avoid resonance and ensure the safe operation of the rotor system.
Introduction
With the rapid development of science and technology and industrial industry, rotor dynamics has been getting mature in all respects after more than a century. The study of rotor dynamics began in 1869 with the Rankine's "centrifugal force on the rotating shaft", which limited the speed of rotation to locate under the first order critical speed [1] . The first and simplest rotor model was the "Jeffcott" model proposed by Foppl in 1895, consisting of a mass less elastic shaft and a disc at its end, which explained that the rotor was at supercritical rotational speed. There was an automatic centering phenomenon, so it could work steadily [2] . This conclusion improved the power of rotary machine and enlarges the range of using. By the process of research on the stability of the rotor dynamics and combined with a series of accidents happened in practice, scientists found resonance phenomenon was an important reason leading to accident, namely the rotor in supercritical runtime will appear self-excited vibration and Instability phenomenon. Therefore, how to avoid the resonance is an important condition for the safe operation of rotating machinery.
Modal analysis is used to determine the design of the structure vibration characteristics (natural frequencies and modals), they are important parameters of structure design under dynamic load, at the same time, it is the starting point of the transient analysis, harmonic response analysis and spectral analysis. Vibration modal is inherent characteristic features of the whole structure. If through the modal analysis method to understand the every main modal feature of structures in a susceptible frequency range, it is possible to predict the actual vibration response of the structure under the influence of external or internal vibration source within this frequency range [3] . Therefore, modal analysis is an important method for fault diagnosis of structural and dynamic design. In this paper, the rotor test system was established by Solid works software and imported into the Workbench for calculation analysis. The vibration modals of the two cases of the test system with and without base were compared and analyzed, the resonance frequency of the system is obtained.
Modal Analysis of the Double Span Rotor Test System
Establishing finite element model is the first step on the modal analysis. First ,the entity model of the rotor test system was established [4] .Using the Ansys data sharing function to establish a good model and imported it into the Workbench, and meshing, defining unit properties. The rotor and shaft section unit adopts PIPE16, spring support unit adopts MATRIX27, basis adopts SOLID45 unit. . Figure 1 is the rotor system finite element model. The second step is to set boundary conditions, constraint and load, appling for fixed constraint to rotor, three rotation directions are freedom. The rotor system without base is calculated by the Work bench, the natural frequencies and the main vibration modals have been shown in figure 2 , the natural frequencies of the rotor are respectively 32.784 Hz and 260.86 Hz under first and the third order. It can be seen from the figure, the left disk vibration obviously at the first order, and the right disc is mainly the bending in the Z direction for the third order.
Similarly, the natural frequencies and the main vibration modals of the whole test bench are shown in figure 3 . The whole test bench comprises a sensor bracket, base, motor and other components, the presence of these components will also affect the inherent characteristics of the system. They can not only change the natural frequencies and the main vibration modal of the rotor system, it will also change the stability of the system and the response to a variety of incentives [5] . So, it is necessary to analyze the rotor, bearing, base and motor as a whole. The first order natural frequency and third order are 35.264Hz and 267.01Hz, the first order vibration is similar with the rotor system without base, and the left disc deformation is more obvious. The third order is different from the system without base, which is the upward bending deformation of the left disc. 
Harmonic Response Analysis of the Double Span Rotor Test System
Harmonic response analysis is similar to the modal analysis, the first step is modeling and set the properties of the material. The second step is the definition of the contact area. Third step is meshing. Fourth step is exerting load and boundary conditions. The fifth step is to select the type of analysis and define it. The sixth step is to set the options of frequency solution.
Step seven is to solve and the final step is for the analysis and evaluation [6] . Using the modal superposition method is the most widely way, mainly includes the establishment of the finite element model, solution of modal analysis and harmonic response analysis are obtained. The expansion of the modal superposition solution and observation are the following steps: x are respectively, the velocity and the acceleration vector. In the harmonic response analysis:
Rotor test bed at work will has a simple harmonic load, the reason is that shaft and disc parts are eccentric. If the frequency of the eccentric load is equal to the natural frequency of the rotor, the resonance will occur, which will destroy the system. So it is necessary to take measures to avoid this situation. On the basis of the modal analysis, the harmonic response analysis is carried out. Selecting the modal superposition methods and exerted unbalanced force at the right disc in Y and Z direction. The first six main modals are analyzed, According to the modal analysis, the maximum frequency is sixth order natural frequency which is 535Hz, selecting the interval of the unbalanced frequency is 0~400 (Hz). The initial condition is assumed that the rotor system is in the static equilibrium position, computing system 's response under the simple harmonic excitation, the frequency interval is set to 10 Hz and response of each unit are as follows.
It can be seen from the figure 4, the structure has the maximum amplitude at the frequencies of 30Hz and 260Hz. The resonance frequencies are 30Hz and 260Hz, which are consistent with the results of modal analysis. It can be seen from figure 5 and figure 6 that the two discs show larger stress deformation at the frequency of 30Hz. the left disc presents a larger stress at the frequency of 260Hz. The minimum stress and deformation appears in the coupling which illustrates the first order vibration frequency produces large stress and deformation. 
Conclusions
Through the finite element analysis of the rotor system, the results of modal analysis and harmonic response analysis are obtained. The results show that the rotor system is prone to resonate at the frequencies of 30Hz and 260Hz. In particular, the first resonance frequency should be avoided, which ensure the machine work in a safe speed range and avoid resonance having damage to the machine or personnel.
